Asprobacter aquaticus gen. nov., sp. nov., a prosthecate alphaproteobacterium isolated from fresh water [15] . In this study, a strain, designated DRW22-8 T , was isolated from the fresh water of the Daechung Reservoir. Herein, we describe the phylogenetic, genetic, phenotypic and chemotaxonomic characteristic of the strain and establish its taxonomic position by using a polyphasic approach.
Bacteria with dimorphic and prosthecate characteristics were first described by Henrici and Johnson [1] ; since then, bacteria with a stalk and reproducing by the separation of two cells that are morphologically and behaviourally different have been recovered from different habitats. Fourteen genera have been described and validated in the family Hyphomonadaceae (www.bacterio.cict.fr), and most members in this family are well characterized by having one or two stalks and being isolated from marine environments including seawater [2] [3] [4] [5] [6] [7] , red alga [8] , reef-building coral [9] , brackish water [10] , hydrothermal vents [11, 12] , beach sand [13] , shellfish beds [14] and dinoflagellates [15] . In this study, a strain, designated DRW22-8 T , was isolated from the fresh water of the Daechung Reservoir. Herein, we describe the phylogenetic, genetic, phenotypic and chemotaxonomic characteristic of the strain and establish its taxonomic position by using a polyphasic approach.
Strain DRW22-8 T was recovered from fresh water at a depth of 22 m during a study on vertical bacterial communities in the waters of the Daechung Reservoir [16] . Water samples were collected aseptically and transferred to sterile 50 ml polypropylene tubes. A 100 µl subsample (10 À5 or 10
À6
) of the suspended material was spread onto modified 1/10 R2A agar (L À1 : 0.05 g peptone, 0.05 g yeast extract, 0.05 g casamino acid, 0.05 g dextrose, 0.05 g soluble starch, 0.03 g K 2 HPO 4 , 0.005 g MgSO 4 , 0.03 g sodium pyruvate and 15 g agar) and incubated at room temperature (25 C) for 4 weeks. One creamy-white colony, designated DRW22-8 T , was isolated and subcultivated on R2A agar at 30 C for further analysis. Colony characteristics were determined after growth for 5 days at 30 C on R2A agar. Gram-staining was performed using a Gram stain kit (Becton Dickinson) and 3 % KOH solution. The cell morphology and motility were observed under a phase-contrast microscope (Nikon Eclipse 80i microscope, Â1000 magnification) using cells grown for 4 days on R2A agar. The presence of flagella and a stalk was determined with a transmission electron microscope (CM20, Philips) after negative staining with 2 % (w/v) uranyl acetate.
The cell growth was checked on R2A agar, trypticase soy agar (TSA; Difco), Luria-Bertani (LB; Difco) medium, marine agar and nutrient agar. The growth temperature range was checked by incubating at 4, 8, 15, 20, 30, 37 and 42 C on R2A agar. The optimum growth pH was determined in R2A broth with a pH range of 5-10 at intervals of 1 pH unit. Different biological buffers were applied to adjust the pH values: Na 2 HPO 4 /NaH 2 PO 4 Na 2 CO 3 /NaHCO 3 buffer for pH 8-11 [17, 18] . The oxidase activity was checked using 1 % tetramethyl-p-phenylenediamine [19] , and the catalase activity was checked using 3 % H 2 O 2 . We used the API 20NE, ID 32 DN, and API ZYM kits to check carbon source utilization and to do enzyme activity assays as well as additional physiological tests by following the instructions of the manufacturer (bio-M erieux). Duplicate antibiotic-susceptibility tests were conducted using filter-paper disks containing the following: ampicillin (10, 30, and 50 µg ml ) and tetracycline (10, 30 and 50 µg ml À1 ) (Sigma). The discs were placed on R2A plates spread with a culture of strain DRW22-8 T and were then incubated at 30 C for 10 days. Susceptibility was recorded as positive at zones with diameters greater than 10 mm (Table 2 ).
For fatty acid profiling, strain DRW22-8
T was cultured on R2A agar for 5 days until it reached the late exponential phase. Harvesting of bacterial cells was standardized by MIDI (www.microbialid.com/PDF/TechNote_101.pdf). Separation and identification of the fatty acid profiles were performed using gas chromatpgraphy (Hewlett Packard 6890) and the TSBA 6 database provided with Sherlock software 6.1. The respiratory quinone and polar lipids were analysed by the Identification Service of the DSMZ. The respiratory quinones were extracted and identified as described by Tindall [20, 21] applying hexane/tert-butylmethylether (9 : 1, v/v) as the solvent solution. Different quinone products were then recovered from the plate (Macherey-Nagel Art. no. 805 023) and further analysed by high-performance liquid chromatography (HPLC) with a reverse phase column (MachereyNagel, 2 mmÂ125 mm, 3 µm, RP18). DNA G+C contents (mol%) were determined by HPLC after hydrolysis, as described by Tamaoka and Komagata [22] . Genomic DNA was extracted using a commercial genomic DNA extraction kit (FastDNA SPIN kit; MP Biomedicals). The purity of the extracted DNA was then examined on an ND1000 spectrometer (Nanodrop Technologies).
The 16S rRNA gene was amplified by using the universal bacterial primer sets 27F (5¢-AGA GTT TGA TCM TGG CTC AG-3¢; Escherichia coli position 8-27) and 1492R (5¢-TAC GGY TAC CTT GTT ACG ACT T-3¢; E. coli position 1492-1510) [21] . The purified PCR products were then applied to cycle sequencing with the BigDye Terminator v3.1 Cycle Sequencing kit (Applied Biosystems). To get an almost-complete 16S rRNA gene sequence, we applied sequencing primers, 27F, 785F (5¢-GGA TTA GAT ACC CTG GTA-3¢), 800R (5¢-TAC CAG GGT ATC TAA TCC-3¢) and 1492R for sequence analysis [23] . The phylogenetic neighbours of strain DRW22-8 T were identified, and the pairwise 16S rRNA gene sequence similarities were calculated by using the EzBioCloud [24] . The retrieved 16S rRNA gene sequences were edited with the software BIOEDIT [25] and aligned with the CLUSTAL X program [26] . Evolutionary distances were calculated with Kimura's two-parameter model [27] . Phylogenetic trees were reconstructed by using the neighbour-joining [28] , maximum-likelihood [29] and maximum-parsimony [30] algorithms in MEGA version 6.0 [31] with bootstrap values based on 1000 replicates [32] . The phylogenetic tree was reconstructed based on 1347 nucleotide positions.
Strain DRW22-8
T formed visible colonies within 3 days on R2A agar at 30 C. While cell growth occurred at temperatures ranging from 15 to 37 C, no growth was observed at 8 C or above 42 C. Growth was observed at pH 7, but no growth was observed at pH 6 or 8. The colonies were creamywhite, translucent, convex and circular with entire edges. The cells were Gram-stain-negative, oxidase-positive, catalasenegative and oval-shaped. The cells were dimorphic: one was motile by means of a single polar flagellum, and the other one was non-motile with a stalk (Fig. 1) . The specific physiological and biochemical characteristics are summarized in Tables (1, 2 and 3 ) and in the species description.
The almost-complete 16S rRNA gene sequence (approximately 1400 nt) of strain DRW22-8
T was compared with those of representative species within the family Hyphomonadaceae. All species with valid published names exhibited a lower than 92 % sequence similarity to strain DRW22-8
T . The strain was also placed in the family Hyphomonadaceae based on the phylogenetic tree (Fig. 2) . The novel strain forms a separate branch next to the monophyletic cluster of the genus Hirschia, and shared only low sequence similarity with members of that genus, 91.0 % with Hirschia maritima, 91.5 % with Hirschia baltica and 91.8 % with Hirschia litorea.
The G+C content of the genomic DNA was 64.4 mol%, and the major fatty acids were C 16 : 0 , 11-methyl C 18 : 1 and C 18 : 1 !7c and/or C 18 : 1 !6c ( Table 2 ). The major predominant respiratory ubiquinone was Q-10 (79 %) with an unidentified component (20 %) . The polar lipids consisted of three unidentified glycolipids, four unidentified lipids and phosphatidylglycerol (Fig. S1 , available with the online Supplementary Material).
The low 16S rRNA gene sequence similarity between strain DRW22-8
T and its closest neighbours implied that this strain may belong to a new genus. The phylogenetic tree based on the maximum-likelihood algorithm, including the neighbour-joining and maximum-parsimony algorithms, supported the notion that the isolate was phylogenetically distinct from closely related genera of the family Hyphomonadaceae. Briefly, this novel strain could be the only member that has been isolated from fresh water only. All other taxa of the family Hyphomonadaceae were isolated from fresh water or marine sources. The novel taxon also can be distinguished from all its closest relatives by its polar lipid composition. Distinctively, no monoglycosyldiglyceride or glucuronopyranosyldiglyceride were detected in our strain, 
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API 20NE/API ZYM tests
S which are present in all members of the family except the genus Hirschia. The genotypic, chemotaxonomic, morphological and physiological investigations revealed that strain DRW22-8 T is distinct from other members of the family Hyphomonadaceae. The main characteristics that differentiate this novel strain from its closest phylogenetic neighbours are summarized in Table 3. In conclusion, based on its phylogenetic position and genotypic, chemotaxonomic and physiological differences, we propose that isolate DRW22-8 T should be assigned as the type strain of a novel species within a new genus, Asprobacter gen. nov., with the name Asprobacter aquaticus sp. nov. within the family Hyphomonadaceae.
DESCRIPTION OF ASPROBACTER GEN. NOV.
Asprobacter (As.pro.bac'ter. Gr. adj. aspros white; N. L. masc. n. bacter, a rod; N.L. masc. n. Asprobacter a white rod).
Cells are Gram-negative, non-spore-forming, oval-shaped and dimorphic: they usually possess one polar stalk (prostheca) and are non-motile or motile by means of a polar flagellum. The predominant respiratory ubiquinone is Q-10. The major polar lipids are three unknown glycolipids, an unknown lipid and phosphatidylglycerol. The major fatty acids are C 16 : 0 , 11-methyl C 18 : 1 , and C 18 : 1 !7c and/or C 18 : 1 !6c. Phylogenetically, the genus belongs to the family Hyphomonadaceae in the class Alphaproteobacteria, being closely related to the genera Hirschia, Hyphomonas and Maricaulis. The type species is Asprobacter aquaticus.
DESCRIPTION OF ASPROBACTER AQUATICUS SP. NOV.
Asprobacter aquaticus (a.qua¢ti.cus. L. masc. adj. aquaticus living, growing or found in or by water, aquatic).
In addition to the characteristics described for the genus, the species has the following properties. Colonies on R2A are creamy-white, translucent, convex, circular and with entire edges. The cells are oxidase-positive but catalase-negative. Growth occurs on R2A at temperatures from 15 to 37 C (optimum temperature 30 C), but not at 8 or 42 C. The growth is observed only at pH 7.0, but no growth is observed at pH 6.0 and 8.0. The cells show growth in the presence of 1 % (w/v) NaCl but not at 2 %. No growth was observed on TSA and LB medium. The cells are susceptible to ampicillin (50 µg ml ) and tetracycline (30 and 50 µg ml ), but resistant to ampicillin (10 and 30 µg ml À1 ), hygromycin (10, 30 and 50 µg ml ) and tetracycline (10 µg ml
À1
). The cells are positive for aesculin hydrolysis and b-galactosidase, but negative for nitrate reduction, indole production, glucose fermentation, urease, arginine 
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